OBJECTIVE: To describe the prevalence of overweight and obesity over 5 y among inner-city elementary schoolchildren aged 10 ± 12 y in multiethnic, low-income neighborhoods in Montreal, Canada. DESIGN: Height and weight of all students in grades 4 ± 6 in 16 control schools participating in an evaluation of the impact of a school-based heart health promotion program, were measured each MayaJune from 1993 to 1997 in crosssectional classroom-based school surveys. RESULTS: The prevalence of overweight ( ! 85th age-and gender-speci®c percentile for body mass index (BMI) from NHANES I and II) was 35.9% in 1993; it increased by approximately 1.3% per year. The prevalence of obesity ( ! 95th age-and gender-speci®c percentile for BMI from NHANES I and II) was 15.9% in 1993; it increased by approximately 1.0% per year. In multivariate models predicting overweight and obesity, the odds ratios for year adjusted for age, sex, and family ethnic origin were 1.08 (95% con®dence interval (CI), 1.04 ± 1.12), and 1.09 (95%CI, 1.04 ± 1.15), respectively. CONCLUSION: There were signi®cant secular trends of increasing overweight and obesity among young inner-city schoolchildren from the early to late 1990s. Preventive intervention is clearly indicated because childhood obesity tracks to adulthood and because obesity is associated with substantial morbidity, mortality and health care costs.
Introduction
Marked increases in the prevalence of overweight and obesity have been observed in the last quarter century in both adults 1, 2 and children, 3 ± 7 raising considerable concern over likely increases in obesity-related morbidity and mortality, as well as increased health care costs associated with obesity-related illness. 8 Numerous reports document time trends in the prevalence of obesity in children up to the early 1990s, but there are as yet few reports which describe the prevalence from the early to late 1990s among children. Also there are few studies of low-income children in whom the secular trends of increasing obesity appear to be more marked. 9, 11 In this report, data from the evaluation of a schoolbased heart health promotion program, Coeur en sante Â St Louis du Parc, were used to describe the yearly prevalence of overweight and obesity among preadolescent children over a 5 y period from 1993 to 1997. Earlier reports 12, 13 documented a high prevalence of overweight and obesity in this study population from low-income, ethnically diverse, inner-city neighborhoods in Montreal, Canada.
Methods
The study design for the Coeur en sante Â St Louis du Parc intervention study has been described in previous reports. 12 ± 16 Brie¯y, data to evaluate the impact of the program on student smoking, dietary and physical activity behaviors were collected in classroom-based surveys conducted each MayaJune from 1993 to 1997, from all grade 4, 5 and 6 students for whom informed parental consent had been obtained, in eight intervention and 16 comparison schools. All schools were in the lowest quartile of a school-speci®c composite poverty index used by the Montreal Island School Council to categorize the 350 elementary schools in Montreal. Over the 5 y, data were collected in a total of 11, 196 questionnaires Ð 80.9% of eligible students completed the in-class questionnaire (the proportion ranged from 75.0 to 83.8% over the 5 y); 3.5% (range 2.6 ± 4.4%) were absent on the day of questionnaire administration; and 15.6% (range 11.8 ± 22.4%) did not participate because their parents did not give consent.
Procedure
Data were collected at each data collection period in two visits to each school. During the ®rst visit, height and weight were measured by lay interviewers who had been trained according to a standardized protocol. 17 Two measures of height to the nearest 0.1 cm and weight to the nearest 0.5 lb; were obtained for each subject. If discrepancies greater than 0.5 cm for height or 0.5 lb for weight were observed between the two measures, a third measure was taken. The average of the two closest measures was recorded. To assess inter-rater reliability, we obtained repeat measures for a systematic one in 10 sub-sample of students (n 227) in the MayaJune 1993 survey. Inter-rater reliabilities (split-half coef®cients) of 0.99 and 0.99 were observed for height and weight, respectively.
During the second visit to each school, students completed a 30 ± 45 min in-class questionnaire administered by two interviewers in French or English according to the language of instruction in the school. Data collected in these student questionnaires included socio-demographic characteristics of the student (date of birth, gender, family composition, language(s) spoken, number of years lived in Canada, country of birth of each of the subject, mother and father, and employment status of the mother and father), as well as data on smoking status, level of physical activity and diet. Detailed descriptions of data collection procedures and study variables are available in previous reports. 12 ± 16 The following paragraphs provide details on selected measures used in this analysis.
Description of variables
Body mass index (BMI) was computed by weight (kg)aheight (m) 2 . Weight in pounds was converted to weight in kilograms for the computation. Subjects whose BMI was equal to or greater than the 85th age-and gender-speci®c percentiles for BMI from the National Health and Nutrition Examination Surveys (NHANES) I and II 18 were de®ned as overweight. Those whose BMI was equal to or greater than the 95th age-and gender-speci®c percentile from NHANES were de®ned as obese. In the 1993 survey, which collected data on triceps skinfold thickness in addition to height and weight, the Pearson product ± moment correlation coef®cient between triceps skinfold thickness and BMI was 0.83. 12 Triceps skinfold thickness is generally considered to be a good measure of adiposity because of its high correlation with percentage body fat. 19 We created a family ethnic origin variable based on language(s) spoken by the student and country(ies) of origin of the mother, father and student. A total of 104 countries of birth were reported by subjects for themselves and their parents. When there were too few students in a single family ethnic origin category for meaningful analysis, we grouped countries into categories based on cultural and language similarity andaor geographic proximity. 
Data analysis
Data for this analysis were drawn from the 16 comparison schools only, so that none of the subjects included had been exposed to the Coeur en sante St Louis du Parc program. We excluded 691 13-y-old children who normally would have been in grade 7 (ie the ®rst year of high school), because their distribution by family origin was substantially different from the other age groups. There were higher proportions of children of Asian and of Central American family origin, and lower proportions of children of Canadian family origin among 13-y-olds (data not shown). This could re¯ect the fact that children in some immigrant families tend to be held back in grade 6 because of low language pro®ciency.
The average ages of 9, 10, 11 and 12-y-olds in the sample were 9.7 AE 0.3, 10.5AE 0.3, 11.5 AE 0.3 and 12.4AE 0.3 y at the time of the survey, respectively. Because data collection occurred in the spring, and because the sample was selected based on grade (4 ± 6), the 9-y-olds in our sample were older than a random or complete sample of 9-y-olds would have been. By design, only ®ve of 12 birth months (February ± June) were represented in the sample of 9-yolds because we systematically excluded all 9-y-olds in grade 3 who were by de®nition younger than 9-yolds in grade 4. Similarly the sample of 12-y-olds was slightly younger than a random or complete sample of 12-y-olds would have been, because we did not include 12-y-olds in grade 7; eight of 12 birth months were represented in the sample of 12-y-olds. The sample of subjects aged 10 and 11 y was generally representative because by far the majority of 10 and 11-y-olds are in grade 4, 5 or 6 during the spring months. Because only ®ve of 12 birth months were represented in the sample of 9-y-olds and because of the relatively small number of 9-y-olds in the sample (n 118 subjectsay), we excluded 9-y-olds from the analysis.
To investigate time trends in the prevalence of obesity, we pooled all data over the 5 y and examined year as an independent predictor of overweight and obesity in the pooled data set. We controlled for age and family ethnic origin in these analyses because these variables were independently associated with overweight status in this study population, 12 and therefore could confound the association between overweight status and year.
Results Table 1 shows the socio-demographic characteristics of the sample by survey year. There were no systematic changes in the proportion of male or female subjects or in average age over time. However, the proportion of subjects of Canadian and European family origin decreased over time, while the proportion of subjects of Asian and`Other' family origin increased. The proportion of children of Central AmericanaCaribbean family origin increased from 1993 to 1996, but decreased in the last survey year. The decline in the proportion of mothers and fathers who were employed over the 5 y study period is possibly closely linked to these shifting patterns of ethnicity. Tables 2 and 3 show the expected monotonic increase in height with age in each survey year. There were no statistically signi®cant time trends in height among boys. Among 10-and 11-y-old girls, mean height increased about 1.0 cm over 5 y, although no such trend was observed among 12-y-old girls. There were signi®cant trends over time in mean weight among 12-y-old boys, and among 10-and 11-y-old girls. Mean BMI increased signi®cantly over time overall in both boys and girls, although this pattern was not consistent across ages within genders.
Overall 38.6% of boys and 37.3% of girls were overweight; 19.6% of boys and 16.2% of girls were obese ( Table 4 ). The prevalence of overweight and obesity was similar among boys and girls in each study year, with the exception that, in 1997, the prevalence of obesity was statistically signi®cantly higher among boys than girls (23.0% compared to 17.2%; P 0.026).
There was a signi®cant time trend in the prevalence of overweight over the 5 y study. The prevalence increased 5.3% from 35.9% in 1993 to 41.2% in 1997, an increase of approximately 1.3% per year. Among girls, the prevalence increased approximately 1.7% per year; it increased about 1% per year among boys. The prevalence of obesity increased 4% over the 5 y from 15.9% in 1993 to 19.9% in 1997, an increase of approximately 1% per year. Among boys the prevalence of obesity increased approximately 1.5% per year. It increased only 0.5% per year among girls, and the time trend was not statistically signi®cant.
We examined the 10th, 25th, 50th, 75th, and 90th percentile values for BMI over time (Figure 1 ). These data indicate that, while the 10th, 25th and 50th Increasing obesity among inner-city schoolchildren J O'Loughlin et al P-values were computed using the Mantel ± Haenzel chi-square test.
Increasing obesity among inner-city schoolchildren J O'Loughlin et al percentile values increased only slightly over the 5 y study, the slope of the increase in the 75th and 90th percentile values was relatively higher. This suggests that, while the entire distribution of BMI is shifting to the right in this population, the shift is more marked among heavier children.
Results of the multivariate modeling corroborated those of the univariate analysis (Table 5) . Year was an independent predictor of overweight and of obesity. Inclusion of sex, age and family ethnic origin in the models did not change the odds ratios (ORs) substantially, indicating that these variables did not confound the association between year and overweight status. Inclusion of school (1 ± 16) in each of the ®nal models to account for clustering within schools did not change the models. Finally year Â age, year Â sex, and year Â family ethnic origin interaction terms were not signi®cant in the ®nal models.
Because we surveyed children in grades 4 ± 6 over 5 y in the same schools, approximately one-third of subjects had two or more observations in the data set (ie children who were in grade 4 in 1993 were resurveyed in 1994 when they were in grade 5, and then again in 1995 when they were in grade 6). We repeated the multivariate analyses excluding repeat measures of the same subjects. There were no substantial changes in the results. We repeated the analyses excluding six schools which had missed one or more years of data collection because of labor disputes in the teachers' unions, or because the school principal refused (ie two schools were missing in 1995; four schools were missing in 1996; three a Odds ratio (OR) adjusted for age, family ethnic origin and school. ORs in the models for all subjects are also adjusted for sex.
Increasing obesity among inner-city schoolchildren J O'Loughlin et al schools were missing in 1997). Exclusion of these schools from the data set did not alter the ORs for year, indicating that there was no bias related to sporadic nonparticipation by several schools. We repeated the analyses again, excluding 12-y-olds who were slightly younger than a random or complete sample of 12-y-olds would have been, with no substantial changes to the ORs for year. Finally we repeated the analyses including the 9-y-olds, again with no substantial changes in the ORs for year. Overall, these analyses in various data subsets suggest a robust ®nding of statistical signi®cance for year.
Discussion
This 5 y study documents important yearly increases in the prevalence of overweight and obesity among both boys and girls in low-income, ethnically diverse, inner-city neighborhoods in Montreal, Canada from the early to late 1990s. Absolute increases in prevalence ranged from 0.5 to 1.7% per year. Multivariate analysis controlling for potential confounders indicated that year was a consistent independent predictor of overweight and obesity. Among the time trend studies of obesity in children reported to date, Shear et al 4 reported a dramatic 9% increase in the prevalence of overweight, from 15 to 24% over 11 y from 1973 to 1984, among children aged 5 ± 14 y in the Bogalusa Heart Study Ð about 0.8% per year. Children who were overweight at the start of the study were becoming more overweight over time, while lean children stayed at the levels they were at 11 y earlier, suggesting that only a segment of the population (ie those who were overweight) was contributing to the secular trend in weight.
In an analysis of children aged 6 ± 17 y in four national surveys in the United States from 1963 to 1980, including two cycles of the National Health Examination Survey and two cycles of the NHANES, Gortmaker et al 3 reported increases in the prevalence of obesity and superobesity ranging from 17 to 306%. Similar to Shear et al, 4 they interpreted their ®ndings on increasing skewness of both skinfolds and weights in the upper percentiles of the population to mean that the fatter members of the pediatric population were becoming more obese. Also, based on data from the NHANES surveys, Troiano et al 6 reported substantial increases in the prevalence of obesity among children aged 6 ± 11 based on BMI, from approximately 5% in 1963 ± 1965 to 11% in 1988 ± 1991 Ð about 0.2% per year. Similarly the prevalence increased about 0.3% per year, from 5 to 13%, among older children aged 12 ± 17 y during the same time period. In another study of NHANES data over a 20 y period from 1971 to 1994, Ogden et al 7 documented an increasing prevalence of overweight among 4-and 5-y-old children, especially among girls, from 5.8 to 10% Ð about 0.2% per year. There were, however, no changes in the prevalence among younger children aged 2 ± 3 y.
Our data suggest that the rate of increasing overweight and obesity might be even higher through the early to late 1990s, at least among multiethnic inner-city schoolchildren. They also corroborate that, while the entire BMI distribution is shifting to the right, the shift might be more rapid among heavier children.
While a positive energy balance resulting from increased caloric intake andaor decreased energy expenditure underlie the increasing prevalence of obesity in North America, 20, 21 the relative importance of diet and level of physical activity in explaining increasing obesity among children is unknown. Dietary intake data in both the Bogalusa study 4 and the NHANESs 22, 23 showed no increase in total caloric intake over time among children, suggesting that lower energy expenditure through increased sedentary behavior could be a relatively important explanatory factor. Recently, in a prospective study of the predictors of excess weight gain, we documented that children who were overweight at baseline were at higher risk of excess weight for height gain in the next 1 or 2 y, and were therefore at risk of continued overweight status. 24 Lack of participation in organized sports was also a strong independent predictor of excess weight for height gain in this study, suggesting that public health interventions to increase energy expenditure through increased physical activity could result in substantial public health bene®t, even among children who are already overweight.
Limitations
Methodological differences over time may account for the changes in prevalence observed over time. However, this is unlikely since we studied all children attending grades 4 ± 6 in the same 16 schools using the same methods of measurement, as well as the same team of interviewers over the 5 y study period. Similarly, we categorized the weight status of each child each year according to age and gender-speci®c standards from NHANES I and II. Shifts in family origin may also have affected prevalence. However, we controlled for potential confounding due to shifts in the distribution of subjects by family ethnic origin in our multivariate analyses, notably an increase in the proportion of children of Asian family origin, and a decrease in the proportion of children of Canadian family origin. Because Asian family origin is protective against overweight and obesity in this study population, 12 one could expect that the prevalence of overweight and obesity would decrease over time, as the proportion of children of Asian family origin increased.
Conclusion
Our data on low-income, multiethnic, inner-city children in Montreal, Canada corroborate previous reports of rapidly increasing prevalences of overweight and Increasing obesity among inner-city schoolchildren J O'Loughlin et al obesity among children in the US. Because obese children have adverse levels of serum lipids, insulin and blood pressure, 25, 26 because overweight in childhood has been linked to morbidity and mortality in adulthood, 27, 28 and because childhood obesity`tracks' or persists into adulthood, 29 ± 32 these data provide a compelling call to action to public health practitioners and to researchers.
